I. INTRODUCTION
He 2 is a favorite molecule for both experimentalists and theoreticians. The ground state potential of He 2 is very shallow and all of the excited states are Rydberg states. He 2 was the first excimer (excited dimer) to be discovered and is an example of a Rydberg molecule.
More than 60 electronic states are known for He 2 mainly through the extensive classical grating measurements of Ginter and co-workers (1) (2) (3) (4) (5) (6) (7) (8) (9) . In more recent years, the b 3 ⌸ g -a 3 ⌺ u ϩ transition (10) and the 4f-3d Rydberg transition (11) (16) systems in the infrared and visible region. In a unique infrared emission experiment using a 6.5-MeV proton beam to excite a dense, cold sample of He gas, Brooks et al. (17) detected highly excited vibrational levels of the a 3 ⌺ u ϩ and b 3 ⌸ g states. Highly precise radio frequency (r.f.) measurements of the He 2 fine structure transitions have been carried out. The older work for the metastable a 3 ⌺ u ϩ state v ϭ 0, N ϭ 1, 3, and 5 (18 -20) used the molecular beam magnetic resonance method while the more recent measurements used the r.f. laser double resonance technique (13) (14) (15) . Bjerre and co-workers (13) (14) (15) use predissociative c 3 ⌺ g ϩ -a 3 ⌺ u ϩ transitions of He 2 in a fast neutral beam to monitor r.f. absorption. In this way r.f. measurements were extended to higher rotational and vibrational levels of the a 3 ⌺ u ϩ state. As might be expected for a molecule with only four electrons, He 2 has been a frequent theoretical target (21) (22) (23) (24) (25) . The very existence of a ground state van der Waals dimer has been a matter of some dispute for many years. The experimental molecular beam work of Luo et al. (26) demonstrated that ground state He 2 can be made in a molecular beam. He 2 diffraction from a transmission grating (27) and transmission through a set of nanoscale sieves (28) support this conclusion. The very weakly attractive He 2 potential supports one vibration-rotation level. The properties of the excited states of He 2 have also been calculated, most notably by Yarkony (23) .
In the course of some Fourier transform emission measurements of a Be hollow cathode filled with He gas, we inadvertently recorded the near-infrared bands of He 2 . At the same time, P. Rosmus was completing an ab initio calculation of the fine structure of the a 3 ⌺ u ϩ state (29) . Rosmus (29) pointed out to us that the previous estimate (10) of , the spin-spin constant, for v ϭ 1 of the a 3 ⌺ u ϩ state was somewhat dubious. At the same time, N. Bjerre (30) communicated to us some unpublished r.f. measurements of the spin splittings for v ϭ 1 and v ϭ 2 of the a 3 ⌺ u ϩ state. It seemed therefore useful to combine the new Fourier transform observations with all of the r.f. data and to include the published
lines in a global analysis.
II. EXPERIMENTAL DETAILS
The near-infrared emission spectrum of He 2 was excited in a Be hollow cathode discharge operated at a current of 600 mA with a static sample of 30 Torr of He. The spectrum of He 2 was inadvertently recorded during a search for BeN. The first He 2 spectra were recorded at lower pressures but, as noted by previous workers, the He 2 emission increases strongly with pressure. The emission from the discharge was recorded with a Bruker IFS 120 HR Fourier transform spectrometer. The 9000 -15 000 cm Ϫ1 range was isolated by using a Si photodiode detector and a RG 715 red-pass filter. A total of 100 scans was co-added in 1 h of observation at an instrumental resolution of 0.1 cm Ϫ1 . Higher resolution spectra were not recorded because the uncooled cathode (necessary to vaporize Be) had a temperature of perhaps 1500 K. The resulting Doppler widths of the He 2 lines were about 0.1 cm
Ϫ1
. Much to our surprise the spectrum contained many strong Ar atomic lines, presumably originating from an Ar impurity in the He gas. Seventeen Ar atomic lines were utilized in the calibration of the spectrum, using the very accurate line positions reported by Norlen (31) . The wavenumber scale was calibrated with an estimated absolute accuracy of Ϯ0.002 cm
. The line positions were measured by fitting Voigt lineshape functions to the He 2 lines in a nonlinear, least-squares procedure. The precision of our measurements is estimated to about Ϯ0.003 cm Ϫ1 for the unblended lines of the ) and signal-to-noise ratio (ϳ35 for the strongest 0 -0 lines). The signal-to-noise ratio was higher for the c 3 ⌺ g ϩ -a 3 ⌺ u ϩ transition (up to 100 for the strongest 0 -0 band lines) but the precision of these lines was estimated at only Ϯ0.005 cm Ϫ1 because of the unresolved triplet fine structure.
III. ANALYSIS

A. Observed Bands
The c
transitions were observed as well as some lines belonging to the
systems. These latter transitions are not included in the current analysis. Both ⌬v ϭ 0 (0 -0, 1-1, and 2-2) and ⌬v ϭ ϩ1 (1-0 and 2-1) bands were observed for the c 3 ⌺ g ϩ -a 3 ⌺ u ϩ transition, while only ⌬v ϭ 0 (0 -0 and 1-1) bands were found for the
The assigned lines are listed in Table 1 and Table 2 , for the c Compared with Ginter's previous results (1) on these systems, we were able to follow the P and R branches to higher N for the strong ⌬v ϭ 0 bands, but we have a few less lines for the ⌬v ϭ ϩ1 bands. Some molecular lines are overlapped by atomic lines and are not reported in Tables 1 and 2 . No triplet fine structure splittings were resolved in any of the c
Preliminary fits of the new c 3 ⌺ g ϩ -a 3 ⌺ u ϩ bands were carried out ignoring the fine structure in both states. For the final fit the new FT measurements of the c 3 ⌺ g ϩ -a 3 ⌺ u ϩ system were merged with the previous FTIR lines of the b 3 ⌸ g -a 3 ⌺ u ϩ (0 -0 and 1-1) transition reported by Rogers et al. (10) . Also, all of the r.f. measurements available in the literature were added to the global fit, in order to account for the fine structure of the a 3 ⌺ u ϩ state and to refine the constants of the b 3 ⌸ g state. The r.f. lines in the a 3 ⌺ u ϩ state are for v ϭ 0, N ϭ 1, 3 (18) ; v ϭ 0, N ϭ 5 (20) ; v ϭ 0, N ϭ 7, 9, 11 (14) ; v ϭ 0, N ϭ 25, 27, 29 (15) The molecular constants derived from the fit are displayed in Tables 3-5 for the a 3 ⌺ u ϩ , b 3 ⌸ g , and c 3 ⌺ g ϩ states, respectively. The ''observed-calculated'' differences returned by the fit for our FT lines are reported in Table 1 . Some remarks need to be made about the results reported in Table 1 . Since the fine structure was not resolved for the reported lines, each line was included three times in the fit, corresponding to the three spin-components, F 1 , F 2 , and F 3 . However, in Table 1 , only the observed-calculated values for the F 1 lines are reported. In addition, a few lines exhibit large observed-calculated values, leading to the conclusion that the c 3 ⌺ g ϩ (v ϭ 1, N ϭ 22) rotational level is perturbed by an unknown level.
In the final fit, the H and L constants for the v ϭ 1 and v ϭ 2 vibrational levels of the a 3 ⌺ u ϩ state (see Table 3 ) were fixed to the values found for the v ϭ 0 level because of the smaller amount of r.f. data available for the vibrationally excited levels. The ␥ v constant of the v ϭ 1 b 3 ⌸ g level was fixed to the corresponding value for the v ϭ 0 level (see Table  4 ). Finally, since only a very limited amount of fine structure data is available for the c 3 ⌺ g ϩ state (15), the fine structure parameters for the v ϭ 0, 1, and 2 vibrational levels of this state were fixed to the corresponding values of these constants for the a 3 ⌺ u ϩ state (see Table 5 ).
Our FT data for the C 1 ⌺ g ϩ -A 1 ⌺ u ϩ transition were combined with the very accurate laser measurements by Solka et al. (12) for the B 1 ⌸ g -A 1 ⌺ u ϩ transition. The two sets of data were weighted according to their precision, i.e., 0.003 cm
Both systems include the 0 -0 and 1-1 bands. Despite our efforts, we were not able to observe the 1-0 band of the 
Note. Observed-calculated differences are reported in parentheses in the unit of the last quoted digit. Note. All uncertainties are 1. a Fixed.
The molecular constants derived from the fit for the A 1 ⌺ u ϩ , B 1 ⌸ g , and C 1 ⌺ g ϩ states are listed in Table 6 and the observedcalculated values for the FT lines are reported in parentheses in Table 2 . In the final fit, the q D parameter for the B 1 ⌸ g (v ϭ 1) level was fixed to the corresponding value in the B 1 ⌸ g (v ϭ 0) level because of the small amount of data available.
IV. DISCUSSION
The main goal of our work is to provide a consistent set of improved molecular constants for the six lowest excited states
of He 2 based on modern laser and Fourier transform measurements of the line positions. The data for the infrared and near-infrared electronic transitions are augmented with the highly precise r.f. measurements of the fine structure splitting in the a 3 ⌺ u ϩ state. Our molecular constants for v ϭ 0, 1, and 2 of the c 3 ⌺ g ϩ state (Table 5) and v ϭ 0 and 1 of the C 1 ⌺ g ϩ state (Table 6 ) are in good agreement with the previous results but are more than one order of magnitude more precise. The measurements of Ginter for the c
Substantial improvements, particularly in the fine structure constants, were also made for v ϭ 0, 1, and 2 in the a 3 ⌺ u ϩ state. Improved equilibrium vibrational and rotational constants were derived by combining the new constants of Tables 3-6 with the more extensive (but less accurate) previous constants of Ginter and co-workers (2, 3, 6) . For the a 3 ⌺ u ϩ state, our v ϭ 0 -2 data were extended to v ϭ 5 using Ref. (6) and equilibrium constants were derived (Table 7) . A similar fit (v ϭ 0 -5) was carried out for the A 1 ⌺ u ϩ state but in this case we were unable to determine any new vibrational intervals so we simply reproduce Ginter's vibrational constants (6) 5 (1, 13) , we choose to make an exact fit of our new data. In this case the errors in Table 7 are not true statistical uncertainties but were estimated by the propagation of errors. For the C 1 ⌺ g ϩ we report a ⌬G 1/2 value and an exact fit for the equilibrium rotational constants using the data of Table 6 . New R e values were then calculated from B e and are also reported in Table 7 . 
